T , isolated from a sediment sample taken from Daechung Reservoir, South
The genus Sphingomonas was first proposed by Yabuuchi et al. (1990) and the genus description has been subsequently emended by Takeuchi et al. (2001) , Yabuuchi et al. (2002) and Busse et al. (2003) . A taxonomic study classified the genus as part of the family Sphingomonadaceae of the class Alphaproteobacteria. Based on the 16S rRNA gene sequences, polyamine patterns and polar lipid profiles, Takeuchi et al. (2001) proposed that the genus Sphingomonas should be divided into four genera, Sphingomonas, Novosphingobium, Sphingobium and Sphingopyxis. At the time of writing, the genus Sphingomonas consists of more than 60 species with validly published names. Members of the genus Sphingomonas are aerobic, rodshaped, Gram-reaction-negative, yellow-to orange-or redpigmented colonies and display the presence of 2-hydroxy fatty acids (C 14 : 0 2-OH) and the absence of 3-hydroxy fatty acids. The species of the genus also contain ubiquinone Q-10, sphingoglycolipid and homospermidine as the major respiratory quinone, polar lipid and polyamine, respectively. The present study reports on the taxonomic characterization of a Sphingomonas-like bacterial strain, CH15-11 T , which was isolated from a shoreline area, Chusori, of Daechung Reservoir in the central region of South Korea during the late-blooming period of cyanobacteria in summer. The isolated strain was identified using the EzTaxon-e database (http://eztaxon-e.ezbiocloud.et/; Kim et al., 2012) on the basis of 16S rRNA gene sequence data. The isolate showed similarity to species of the genus Sphingomonas and the nine most closely related strains, Sphingomonas sediminicola Dae 20
T (with a similarity of 97.6 %), Sphingomonas ginsengisoli Gsoil 634 T Oh et al. (2001 Oh et al. ( , 2007 and Kim et al. (2006) . Similar to Arenimonas daechungensis CH15-1 T (Huy et al., 2013) , strain CH15-11 T was isolated from sediment at a depth of 5 cm, aerobically grown on a R2A agar (Difco) plate at pH 7.0 and 15 u C and routinely subcultured under the same culture conditions. The optimal growth conditions, including the medium, temperature and pH were tested in triplicate using R2A (Difco), LB (Difco), NA (Difco) and TSA (Bacto) agar plates, temperatures at 4, 10, 15, 20, 28, 30, 37, 40 and 45 u C (during 2 weeks of incubation) and medium pH values from pH 4.0 to pH 10.0 in increments of 1 pH unit (during 3 days of incubation) were examined. The biological buffer solutions used to maintain the pH were NaHPO 4 /NaH 2 PO 4 for pH 5.0-8.0 and Glycine/NaOH for pH 9.0-10.0 (Gomori, 1955) . The optimal pH was determined by recoding the medium turbidity (OD 600 ) using a spectrophotometer (UV-2450; Shimadzu). For the subsequent taxonomic studies, the cultures were grown at 30 u C using R2A agar (Difco) and/or broth (MB cell) at pH 7.0, unless otherwise indicated.
The colony features, including the size, shape and colour, were recorded using a 6 day agar culture and an inverted microscope (6100, TMS-F; Nikon). The Gram reaction was determined using a Gram stain kit (Becton Dickinson) and 3 % KOH solution. The cell morphology, flagella and mobility were examined using a transmission electron microscope (CM20; Philips) and a digital microscope (Eclipse 61000 magnification, 80i; Nikon) using cells grown for 2 days on agar plates. Anaerobic growth was performed on agar plates incubated in a GasPak anaerobic system (BBL). The salt tolerance was determined by monitoring the cell turbidity (OD 600 ) in a liquid medium containing 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 % NaCl (w/v) and using a spectrophotometer (UV-2450; Shimadzu) during 3 days of growth on a rotary incubator. The susceptibility to antibiotics was tested on R2A plates in duplicate for 5 days using filter-paper discs containing ampicillin, chloramphenical, erythromycin, imipenem, kanamycin, penicillin G or streptomycin at 10, 30, 50, 100 and 250 mg. The oxidase and catalase activities were tested using 1 % tetramethyl-p-phenylenediamine (Tarrand & Gröschel, 1982) and 3 % H 2 O 2 , respectively. Additional tests for enzyme activities, carbon substrates and other biochemical properties of strain T and the reference type strains were performed using API 20NE, API ZYM and ID 32 DN (bioMérieux) kits according to the manufacturer's instructions.
The genomic DNA was prepared from a biomass grown for 3 days on agar plates, as described by Ausubel et al. (1995) . The DNA G+C content was analysed by enzymically degrading the genomic DNA into nucleosides, as described by Tamaoka & Komagata (1984) , where the DNA of Escherichia coli KCTC 2443 was used as the standard, and analysed using reverse-phase HPLC (Series 20 HPLC; Shimadzu) and a YMC ODS-A (15064.6 mm internal diameter, 5 mm particle size) column. The DNA-DNA hybridization was performed fluorometrically according to the method of Ezaki et al. (1989) , using photobiotinlabelled DNA probes and microdilution wells. The three most closely related type strains of species of the genus Sphingomonas were used as the reference strains. E. coli KCTC 2443 was used as the negative control. The biotinylated DNA labelled with photobiotin (Sigma) of strain CH15-11
T was used as labelled-probe DNA. The hybridization was performed at 51 u C overnight with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the remaining three values quoted as the DNA-DNA relatedness values. The 16S rRNA gene sequencing was performed as described by Huy et al. (2013) using two universal primers 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-TACG-GTTACCTTGTTACGACTT-39) (Lane, 1991) . The almostcomplete 16S rRNA gene sequence of strain CH15-11 T comprised 1437 nt. The 16S rRNA gene sequences were aligned with published sequences retrieved from the EzTaxon-e database and edited using BioEdit (Hall, 1999) . Multiple alignments were performed using the CLUSTAL_X program (Thompson et al., 1997) integrated in the MEGA 5 software (Kumar et al., 2008) . The phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1981) algorithms in the MEGA 5 software. The distances were calculated according to Kimura's two-parameter model (Kimura, 1983) . The robustness of the phylogenetic tree was estimated by a bootstrap analysis of 1000 replications (Felsenstein, 1985) . The sequence of Rhodospirillum rubrum ATCC 11170 T (D30778) from GenBank was used as the outgroup.
For the cellular fatty acid analysis, the cell mass from strain CH15-11 T and nine reference type strains was harvested from R2A plates after 2 days of incubation at 30 u C. The fatty acids were then extracted and fatty acid methyl esters prepared according to the standard protocol of the Sherlock Microbial Identification System (Sasser, 1990) . Standardization of the physiological age of strain CH15-11 T and reference strains was done based on the protocol given by MIDI (http://www.microbialid.com/ PDF/TechNote_101.pdf). The extracts were analysed using GC (model 6890; Hewlett Packard) and identified by comparing the fatty acid profiles to the TSBA 6 database provided with the Sherlock software 6.1. The cell mass used for isoprenoid quinone and polar lipid extraction was obtained from a cell mass grown for 2 days in a liquid medium. The isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) from freeze-dried cells (100 mg) using chloroform/methanol (2 : 1, v/v), purified by TLC on a Kieselgel 60 F 245 plate (20620 cm, 0.25 mm thickness; Merck) using petroleum ether/diethyl ether (9 : 1, v/v) and then analysed by reversephase HPLC (Series 20 HPLC; Shimadzu) with a YMC ODS-A (15064.6 mm internal diameter, 5 mm particle size) column. The polar lipids were extracted, examined by two-dimensional TLC and identified using published procedures (Minnikin et al., 1977) . Finally, the polyamines were extracted and analysed as described by Taibi et al. (2000) and the separation of polyamines was performed by using a reverse-phase HPLC (Series 20 HPLC; Shimadzu) and Watchers 120 ODS-AP column (25064.6 mm internal diameter, 5 mm particle size) (Isu).
Strain CH15-11
T was found to grow best on an R2A medium when compared with NA medium (fair growth) or TSA and LB media (no growth). Growth occurred at 15-37 u C (optimum 28-30 u C) and pH 5.0-9.0 (optimum pH 7.0). The colonies from a 6 day culture were convex and light-yellow with a diameter of 40-70 mm. The cells were non-spore-forming and rod-shaped without flagella with a cell size of 0.1-0.2 mm60.6-0.8 mm. No cell mobility or anaerobic growth was observed. The cells were Gram-stain-negative, yet the catalase and oxidase tests were positive. The cells were susceptible to erythromycin at 50 mg per disc and all concentrations of ampicillin, chloramphenicol and kanamycin, yet resistant to imipenem, penicillin G and streptomycin. The detailed physiological and biochemical characteristics of strain CH15-11 T are summarized in Table 1 and the species description.
T was classified as a member of the genus Sphingomonas with the highest similarity to Sphingomonas sediminicola Dae 20 T (97.6 %), Sphingomonas ginsengisoli Gsoil 634 T (97.2 %) and Sphingomonas jaspi TDMA-16 T (97.0 %) based on 16S rRNA gene sequences retrieved from the EzTaxon-e database. In a phylogenetic tree reconstructed using the neighbour-joining algorithm, strain CH15-11 T joined the type strain Sphingomonas sediminicola with a bootstrap resampling value higher than 50 % (Fig. 1) . A relationship between strain CH15-11 T and Sphingomonas sediminicola was also recovered in the trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms (Fig. 1) . The levels of DNA-DNA relatedness ranged from 35 % to 59 % between strain CH15-11 T and the type strains of three species of the genus Sphingomonas, namely Sphingomonas sediminicola (59 %), Sphingomonas ginsengisoli (35 %) and Sphingomonas jaspsi (36 %). Therefore, these values indicate that strain CH15-11 T represents a distinct genomic species among the established species of the genus Sphingomonas to which it appears most closely related (Wayne et al., 1987) .
According to the fatty acid profiles supplied in Table S1 (available in the online Supplementary Material), strain CH15-11
T displayed large amounts of (.10 % of the total) saturated (C 16 : 0 ) and unsaturated (C 18 : 1 v7c and/or C 18 : 1 v6c) fatty acids which were consistent with the major fatty acids of the other related species of the genus Sphingomonas. Strain CH15-11 T differs from the three most closely related strains in the absence of 2-hydroxymyristic acid (C 14 : 0 2-OH). Although C 14 : 0 2-OH was not detected in the novel isolate, C 16 : 0 2-OH and C 18 : 1 2-OH were present. Furthermore, the relatively low level or absence of C 14 : 0 2-OH in CH15-11 T and the reference strains found in our study have been described in published manuscripts regarding related species Asker et al., 2007a, b; Chung et al., 2011; Kim et al., 2007; Srinivasan et al., 2011; Yi et al., 2010) . Strain CH15-11
T showed a predominant ubiquinone Q-10 and a DNA G+C content of 65.6 mol %. The major polar lipids found in strain CH15-11 T were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, sphingoglycolipid, phosphatidylcholine and two unidentified glycolipids; small amounts of unidentified lipids were also detected (Fig. S1 ). While this polar lipid profile was similar to that of Sphingomonas sediminicola, the closest phylogenetic neighbour to strain CH15-11 T , it was still distinguishable by the presence of the unidentified lipids. Strain CH15-11 T possessed sym-homospermidine as the major polyamine and spermidine in trace amounts. This polyamine patterns were in agreement with those for other members of the genus Sphingomonas (Chung et al., 2011; Huang et al., 2009; Margesin et al., 2012; Zhang et al., 2010) .
Therefore, based on its phylogenetic distinctiveness, phenotypic and physiological properties, 16S rRNA gene sequence similarity and DNA-DNA relatedness, strain CH15-11 T would appear to be a distinct species of the genus Sphingomonas. Consequently, strain CH15-11
T was determined to belong to the genus Sphingomonas and to represent a novel species, for which the name Sphingomonas daechungensis sp. nov. is proposed.
Description of Sphingomonas daechungensis sp. nov.
Sphingomonas daechungensis (dae.chung.en9sis. N.L. masc. adj. daechungensis pertaining to Daechung Reservoir where the type strain was isolated).
Cells are Gram-stain-negative, aerobic, non-motile, nonspore-forming and rod-shaped. Colonies are convex, lightyellow in colour and 40-70 mm in diameter. Oxidase-and catalase-positive. Growth occurs at 15-37 u C and the optimal temperature is 28-30 u C. The pH for growth is pH 5.0-9.0 and the optimal pH is pH 7.0. The cells cannot grow in the presence of NaCl (0.5-3.0 %, w/v). In assays using an API ZYM system, the cells tested positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase and b-glucosidase, yet negative for lipase (C14), valine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-glucosidase, N-accetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. In API 20NE, nitrate is reduced to nitrites, yet not to nitrogen, indole is not produced from tryptophan, acid is not produced from (Asker et al., 2007a) ; 10, Sphingomonas oryziterrae YC6722 T (Chung et al., 2011) . The enzymic assays for all the strains were performed in this study using API systems and cells grown on R2A plates for 2.5 days. +, Positive; 2, negative; NA, no data available; SGL, sphingoglycolipid; DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PC, phosphatidylcholine; GL, unidentified glycolipids; PL, unidentified phospholipids. 
